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(54) MANUFACTURE OF METAL MAGNET 

(57)Abstract: 

PURPOSE: To provide a method of manufacturing a 
metal magnet which enables solidification of a quenching 
solidifyable magnetic powder including amorphous with a 
metal having a higher melting point than the 
crystallization temperature and ensures sufficient 
magnetic characteristic and applicable strength. 
CONSTITUTION: Rapidly solidified magnetic particles, 
which may be amorphous, are mixed with metal particles 
having a melting point higher than the crystallization 
temperature of the magnetic particles. The gain 
boundary thereof is activated through application of 
electrical power for the solidification 39. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A manufacturing method of a metal magnet characterized by making into a mother 
particle rapid solidification system magnetic powder containing AMORUFASU, making into child 
particles metal whose melting point is higher than crystallization temperature of this rapid 
solidification system magnetic powder, mixing, changing the grain boundary side into an activity 
state by energization, and making it solidify. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application]This invention relates to the manufacturing method of the metal magnet 
which uses the metal in which the boiling point is higher than the crystallization temperature of 
this rapid solidification system magnetic powder as child particles by making into a mother 
particle rapid solidification system magnetic powder which is applied to the manufacturing 
method of a metal magnet, especially contains AMORUFASU. 
[0002] 

[Description of the Prior Art]Generally, the plastic magnet is accomplished by carrying out the 
joint solidification of the rapid solidification system magnetic powder which contains 
AMORUFASU using a plastic as a binder. 

[0003]Specifically, the manufacturing method of the plastic magnet is accomplished, as shown in 
drawing 6 . The alloy 2 of neodium (Nd) f iron (Fe), and boron (B) is first mixed in the NEOKEMU 
Nd metal 1 as illustrated. Next, what carried out this mixture jet cast 3 is carried out grinding 4, 
and disintegration is carried out. And after performing predetermined heat treatment 5 to this, 
the epoxy resin 6 is mixed as a binder and it takes press 7. Then, this press-forming article is 
carried out curing treatment 8, and it is considered as the product 9. 

[0004] However, if it is in the above-mentioned plastic magnet, the plastic is used as a binder 
which solidifies magnetic powder. Since it must mix not less than 15% by volume not less than 3% 
with weight to magnetic powder, this plastic cannot pull out performance of the above- 
mentioned magnetic powder 100%. To a temperature change, a plastic magnet is weak, and 
changes at 200 ** at the elevated-temperature side, and a crack arises at -20 ** at the low 
temperature side. Therefore, a plastic magnet cannot be used in a broad temperature 
requirement. In a mechanical strength, although there is also correlation with temperature, it 
does not have intensity [ in addition to a specific temperature field ] other than -10 ** - 150 **, 
for example. And it is difficult for the plastic used as a binder to recycle what it went variously 
and was once manufactured as a plastic magnet. 

[0005]Then, the metal magnet is improved. That for which this metal magnet used the cast 
magnet or the sintered magnet is used abundantly. The above-mentioned cast magnet is 
manufactured in the casting process which is made to carry out thermofusion of the metallic 
component by high frequency, and is cast to a mold, and the above-mentioned sintered magnet 
is manufactured with the sintering process which used tin series metal as the binder. 
[0006]Specifically, the manufacturing method of the above-mentioned sintered magnet is 
accomplished, as shown in drawing 7 . These are first carried out combination 1 1 by a 
predetermined daily dose by making Nd, Fe, B, etc. into the raw material 10 as illustrated. Next, 
this feed ingredient is carried out dissolution 12, and it is casting 13 ** in a mold. After releasing 
from mold and carrying out a casting coarse-grinding 14 after solidification, it takes pulverizing 
15 with a ball mill etc. And this powder is carried out shaping 16 in a magnetic field, and 
predetermined heat treatment 18 is performed after the sintering 17. Then, this is carried out 
polishing work 19 and it is considered as the product 20. 
[0007] 
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[Problem(s) to be Solved by the Invention]by the way — if it is in the conventional metal magnet 
— a casting process and a sintering process (a binder is included) — it needs both to be heated 
more than the melting point. Therefore, the temperature transformation of crystallization etc. 
was located in the third grade of the melting point, and the rapid solidification system magnetic 
powder containing AMORUFASU had the problem that what has the desired characteristic could 
not be manufactured, in these casting processes and a sintering process. Although the sintering 
process was manufactured in consideration of deterioration temperature in part, in order to have 
to choose the binder metal of a low melting point, there was a problem that sufficient usable 
intensity could not be obtained. 

[0008]The purpose of this invention is in view of an aforementioned problem to provide the 
manufacturing method of the metal magnet which can solidify the rapid solidification system 
magnetic powder containing AMORUFASU using the metal whose melting point is higher than the 
crystallization temperature, and can obtain sufficient magnetic property and usable intensity. 
[0009] 

[Means for Solving the Problem]According to the manufacturing method of a metal magnet 
concerning this invention, rapid solidification system magnetic powder containing AMORUFASU 
is made into a mother particle, and metal whose melting point is higher than crystallization 
temperature of this rapid solidification system magnetic powder is made into child particles, it 
mixes, and the above-mentioned purpose is attained by changing that grain boundary side into an 
activity state by energization, and having made it solidify. 
[0010] 

[Function]According to the above-mentioned composition, the rapid solidification system 
magnetic powder containing AMORUFASU was used as a mother particle, and metal was used as 
child particles, and these were mixed. For example, it is mixable in the state of a capsule so that 
child particles may wrap a mother particle in setting the diameter of child particles as 1/20 from 
1/10 to the diameter of a mother particle. 

[0011]By using the energization solidifying method which faces the rapid solidification system 
magnetic powder containing AMORUFASU as the above-mentioned mother particle solidifying 
using the metal as the above-mentioned child particles, changes the grain boundary side into an 
activity state by energization, and is solidified, The rapid solidification system magnetic powder 
containing AMORUFASU can be solidified using the metal whose melting point is higher than the 
crystallization temperature. 

[0012]Therefore, since the metal whose melting point is higher than the crystallization 
temperature of the rapid solidification system magnetic powder containing AMORUFASU can be 
used, sufficient magnetic property and usable intensity can be obtained. 
[0013] 

[Example]Hereafter, suitable 1 example of the manufacturing method of the metal magnet 
concerning this invention is explained in full detail based on an accompanying drawing. 
[0014] Drawing 1 is an explanatory view showing the manufacturing method of the metal magnet 
of this example, the rapid solidification system Nd-Fe-B magnetic powder which used the single 
chill roll method for the amorphous magnetic material as the mother particle 31, and was 
manufactured was boiled and used as illustrated. Amorphous magnetic powder is also included in 
this rapid solidification system magnetic powder. This amorphous ****** is the meaning in which 
a rapid solidification system alloy contains what is amorphous with material composition since 
micro crystallite is metastable with quenching about that sequence regularity. 
[0015]After mixing the alloy 33 of neodium (Nd), iron (Fe), and boron (B) in the NEOKEMU Nd 
metal 32, making grinding 35 what carried out this mixture jet cast 34 it and carrying out 
disintegration to it first, the above-mentioned mother particle 31 performs predetermined heat 
treatment 36 to this, and, specifically, is manufactured. The jet cast by this single chill roll 
method carries out the high velocity revolution of the single roll, carries out high speed heating 
of the metal, fuses it, and carries out high speed injection to a cooling medium using back 
pressure, such as Ar gas. 

[0016]Next, metal is carried out mixing 38 as the child particles 37 as a binder. Copper (Cu) 
which is metal whose melting point is higher than the crystallization temperature of the above- 
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mentioned amorphous **** rapid solidification system magnetic powder is used for the metal of 
this child particle 37. In addition to this Cu, Cu system alloy (Cu-Zn, Cu-Zn-Ag), titanium (Ti), 
aluminum (aluminum), silver (Ag), gold (Au), etc. of a nonmagnetic field can be used. 
[0017]Nd-Fe-B used for the mother particle 31 is magnetic powder with a size of about 200 
micrometers. 

Cu used for child particles is a metal powder with a size of about 15 micrometers. 

The rate of the child particles 37 was carried out mixing 38 at a rate of 3% by weight % to the 

mother particle 31. 

[0018]Thus, it is mixable in the state of a capsule so that the child particles 37 may wrap the 
mother particle 31 in setting the diameter of the child particles 37 as 1/20 from 1/10 to the 
diameter of the mother particle 31. Using an adhesion operation of plating, weld slag, vacuum 
evaporation, collision adhesion, etc., this capsule state wraps the circumference of the mother 
particle 31 in the child particles 37 as shown in drawing 2 . These aim at carrying out the coat of 
the surface to a shaped object, or intercepting a shaped object from open air atmosphere etc. 
This capsule state can be generated with the attraction of high BURIZESHON and the 
electrification potential by the mother particle 31 and the child particles 37 looked at by 
electrostatic coating. With shot peening using a SHOKU wave or a fluid medium, etc., the mother 
particle 31 and the child particles 37 can be made to be able to collide, striking energy can be 
changed, and this can be generated with contacting parts. Using an electron discharge method, 
electrical energy can be given between the mother particle 31 and the child particles 37, and it 
can patch with Joule heat, and can obtain in total. 

[0019]By the energization solidifying method, the grain boundary side is changed into an activity 
state by energization, carry out the powder of the above-mentioned capsule state solidification 
39, and let this be the product 40. The conditions of this energization solidifying method are set 

as the temperature of 550 **, pressure 5 t/cm , and current density 1 kA/cm , and atmosphere 
is set as the conditions in the atmosphere. 

[0020]Next, the operation in the above-mentioned example is described. 

[0021 ]The magnetic properties of the metal magnet 40 manufactured as mentioned above are 

shown in Table 1. 

[0022] 



Br [ G ] 


i H c [O e J 


B Hma x [MGO e ] 


7 6 0 3 


8 7 5 8 


11.05 



[0023]The magnetic properties of the plastic magnet which uses a plastic as a binder are shown 
in Table 2 as comparison. 
[0024] 
[Table 2] 



B r [G] 


i He [OeD 


BHmax [MGOe] 


6 6 50 


8 15 0 


8- 30 



[0025]The magnetic properties of the Nd-Fe-B magnetic powder used for the manufacturing 
method of the metal magnet concerning this invention are shown in Table 3. 
[0026] 
[Table 3] 
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B r [G] 


i He [O e ] 


B Hm a x [ MGOe ] 


80 70 


9080 


1 L . 94 



[0027]That is, the metal magnet applied to this invention from Table 1 thru/or 3 to the 
conventional plastic magnet showing 70% of magnetic properties of magnetic powder shows 93% 
of magnetic properties of magnetic powder, and it turns out that the magnetic properties of 
magnetic powder can fully be pulled out. 

[0028]Table 4 shows comparison of the compressive strength test of the metal magnet 
concerning this invention, the conventional plastic magnet, and the conventional metal magnet 
(Zn-aluminurn-Cu system alloy). 
[0029] 
[Table 4] 









1500 [kg/c m 2 ] 


500 [kg/cm 2 ] 


600 [kg/cm'] 



[0030]From the comparison result of Table 4, it was checked in the conventional metal magnet 
that the compressive strength is governed by Zn rich phase in a magnetic particle side. In the 
metal magnet concerning this invention, since the melting point of the child particles 37 was 
higher enough than solidification temperature, it was checked that separation of a phase is not 
seen. Therefore, it is considered that compressive strength higher than the conventional metal 
magnet can be obtained. However, when [ near the closest packing ] it solidifies by the metal 
child particles 37 of vol 40%, also in the metal magnet concerning this invention, the melt phase 
of a particle element is seen in part, and compressive strength falls. 

[0031]Doing the electrical resistance test about the metal magnet concerning this invention, the 
result was 1.42x10 ~ 6 [omegacm]. 

[0032]And the thermal expansion test was done about the metal magnet concerning this 
invention, and the result was 4.3x10 ~ 6 [I/**]. 

[0033]Next, the Vickers hardness test was done about the metal magnet concerning this 
invention, and the result was 660-750 [Hv]. 

[0034] Drawing 3 is a graph which shows magnetic properties when a Nd-Fe-B magnetic material 
is used as a mother particle, it uses Cu as child particles and the rate of child particles over a 
mother particle is set up from 1% to 40% by weight %, and the result of compressive strength. 
[0035]Magnetic properties were comparatively stable, and when the percentage of Cu was about 
1 5% in weight %, as for compressive strength, the peak was seen as illustrated. 
[0036] Drawing 4 is a graph which shows magnetic properties when a solidification pressure is set 

up from 1 [t/cm 2 ] to 7 [t/cm 2 ], and the result of compressive strength on solidification 
conditions. 

[0037]Magnetic properties increased along with the rise of a solidification pressure, and 

compressive strength was stabilized from the solidification pressure 3 [t/cm 2 ] grade as 
illustrated. 

[0038]And drawing 5 is a graph which shows magnetic properties when solidification temperature 
is set up from 550 [**] to 800 [**], and the result of compressive strength on solidification 
conditions. 

[0039] Magnetic properties are excellent in 600 [**] to 750 [**] in solidification temperature, and 
compressive strength increased gradually along with the rise of solidification temperature as 
illustrated. 
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[0040] 

[Effect of the Invention]As stated above, according to the manufacturing method of the metal 
magnet concerning this invention, the rapid solidification system magnetic powder containing 
AMORUFASU can be solidified using the metal whose melting point is higher than the 
crystallization temperature, and the outstanding effect that sufficient magnetic property and 
usable intensity can be obtained is demonstrated. 



[Translation done.] 
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TECHNICAL HELD 

[Industrial Application]This invention relates to the manufacturing method of the metal magnet 
which uses the metal in which the boiling point is higher than the crystallization temperature of 
this rapid solidification system magnetic powder as child particles by making into a mother 
particle rapid solidification system magnetic powder which is applied to the manufacturing 
method of a metal magnet, especially contains AMORUFASU. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
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PRIOR ART 



[Description of the Prior Art]Generally, the plastic magnet is accomplished by carrying out the 
joint solidification of the rapid solidification system magnetic powder which contains 
AMORUFASU using a plastic as a binder. 

[0003]SpecificalIy f the manufacturing method of the plastic magnet is accomplished, as shown in 
drawing 6 . The alloy 2 of neodium (Nd), iron (Fe), and boron (B) is first mixed in the NEOKEMU 
Nd metal 1 as illustrated. Next, what carried out this mixture jet cast 3 is carried out grinding 4, 
and disintegration is carried out. And after performing predetermined heat treatment 5 to this, 
the epoxy resin 6 is mixed as a binder and it takes press 7. Then, this press-forming article is 
carried out curing treatment 8, and it is considered as the product 9. 

[0004]However, if it is in the above-mentioned plastic magnet, the plastic is used as a binder 
which solidifies magnetic powder. Since it must mix not less than 15% by volume not less than 3% 
with weight to magnetic powder, this plastic cannot pull out performance of the above- 
mentioned magnetic powder 100%. To a temperature change, a plastic magnet is weak, and 
changes at 200 ** at the elevated-temperature side, and a crack arises at -20 ** at the low 
temperature side. Therefore, a plastic magnet cannot be used in a broad temperature 
requirement. In a mechanical strength, although there is also correlation with temperature, it 
does not have intensity [ in addition to a specific temperature field ] other than -10 ** - 1 50 **, 
for example. And it is difficult for the plastic used as a binder to recycle what it went variously 
and was once manufactured as a plastic magnet. 

[0005]Then, the metal magnet is improved. That for which this metal magnet used the cast 
magnet or the sintered magnet is used abundantly. The above-mentioned cast magnet is 
manufactured in the casting process which is made to carry out thermofusion of the metallic 
component by high frequency, and is cast to a mold, and the above-mentioned sintered magnet 
is manufactured with the sintering process which used tin series metal as the binder. 
[0006]Specifically, the manufacturing method of the above-mentioned sintered magnet is 
accomplished, as shown in drawing 7 . These are first carried out combination 1 1 by a 
predetermined daily dose by making Nd, Fe, B, etc. into the raw material 10 as illustrated. Next, 
this feed ingredient is carried out dissolution 12, and it is casting 13 ** in a mold. After releasing 
from mold and carrying out a casting coarse-grinding 14 after solidification, it takes pulverizing 
15 with a ball mill etc. And this powder is carried out shaping 16 in a magnetic field, and 
predetermined heat treatment 18 is performed after the sintering 17. Then, this is carried out 
polishing work 19 and it is considered as the product 20. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
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2. **** shows the word which can not be translated. 
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EFFECT OF THE INVENTION 

[Effect of the Invention]As stated above, according to the manufacturing method of the metal 
magnet concerning this invention, the rapid solidification system magnetic powder containing 
AMORUFASU can be solidified using the metal whose melting point is higher than the 
crystallization temperature, and the outstanding effect that sufficient magnetic property and 
usable intensity can be obtained is demonstrated. 



[Translation done.] 



http://www4.ipdl.inpit.gojp/cgi-binA 2009/04/27 



• JP.05-1 75029.A [TECHNICAL PROBLEM] 



1/1 ^— i> 



* NOTICES * 

JPO and INPIT are not responsible for any 
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TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention]by the way — if it is in the conventional metal magnet 
— a casting process and a sintering process (a binder is included) — it needs both to be heated 
more than the melting point. Therefore, the temperature transformation of crystallization etc. 
was located in the third grade of the melting point, and the rapid solidification system magnetic 
powder containing AMORUFASU had the problem that what has the desired characteristic could 
not be manufactured, in these casting processes and a sintering process. Although the sintering 
process was manufactured in consideration of deterioration temperature in part, in order to have 
to choose the binder metal of a low melting point, there was a problem that sufficient usable 
intensity could not be obtained. 

[0008]The purpose of this invention is in view of an aforementioned problem to provide the 
manufacturing method of the metal magnet which can solidify the rapid solidification system 
magnetic powder containing AMORUFASU using the metal whose melting point is higher than the 
crystallization temperature, and can obtain sufficient magnetic property and usable intensity. 



[Translation done.] 
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MEANS 



[Means for Solving the Problem]According to the manufacturing method of a metal magnet 
concerning this invention, rapid solidification system magnetic powder containing AMORUFASU 
is made into a mother particle, and metal whose melting point is higher than crystallization 
temperature of this rapid solidification system magnetic powder is made into child particles, it 
mixes, and the above-mentioned purpose is attained by changing that grain boundary side into an 
activity state by energization, and having made it solidify. 



[Translation done.] 
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OPERATION 



[Function]According to the above-mentioned composition, the rapid solidification system 
magnetic powder containing AMORUFASU was used as a mother particle, and metal was used as 
child particles, and these were mixed. For example, it is mixable in the state of a capsule so that 
child particles may wrap a mother particle in setting the diameter of child particles as 1/20 from 
1/10 to the diameter of a mother particle. 

[001 1]By using the energization solidifying method which faces the rapid solidification system 
magnetic powder containing AMORUFASU as the above-mentioned mother particle solidifying 
using the metal as the above-mentioned child particles, changes the grain boundary side into an 
activity state by energization, and is solidified, The rapid solidification system magnetic powder 
containing AMORUFASU can be solidified using the metal whose melting point is higher than the 
crystallization temperature. 

[0012]Therefore, since the metal whose melting point is higher than the crystallization 
temperature of the rapid solidification system magnetic powder containing AMORUFASU can be 
used, sufficient magnetic property and usable intensity can be obtained. 



[Translation done.] 



http://www4.ipdl.inpit.go jp/cgi-bin/tran_web^cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2009/04/27 



JP.05-175029.A [EXAMPLE] 



1 /3 s<—i> 



* NOTICES * 
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EXAMPLE 

[Example]Hereafter, suitable 1 example of the manufacturing method of the metal magnet 
concerning this invention is explained in full detail based on an accompanying drawing. 
[0014] Drawing 1 is an explanatory view showing the manufacturing method of the metal magnet 
of this example, the rapid solidification system Nd-Fe-B magnetic powder which used the single 
chill roll method for the amorphous magnetic material as the mother particle 31, and was 
manufactured was boiled and used as illustrated. Amorphous magnetic powder is also included in 
this rapid solidification system magnetic powder. This amorphous ****** is the meaning in which 
a rapid solidification system alloy contains what is amorphous with material composition since 
micro crystallite is metastable with quenching about that sequence regularity. 
[0015]After mixing the alloy 33 of neodium (Nd), iron (Fe), and boron (B) in the NEOKEMU Nd 
metal 32, making grinding 35 what carried out this mixture jet cast 34 it and carrying out 
disintegration to it first, the above-mentioned mother particle 31 performs predetermined heat 
treatment 36 to this, and, specifically, is manufactured. The jet cast by this single chill roll 
method carries out the high velocity revolution of the single roll, carries out high speed heating 
of the metal, fuses it, and carries out high speed injection to a cooling medium using back 
pressure, such as Ar gas. 

[0016]Next, metal is carried out mixing 38 as the child particles 37 as a binder. Copper (Cu) 
which is metal whose melting point is higher than the crystallization temperature of the above- 
mentioned amorphous **** rapid solidification system magnetic powder is used for the metal of 
this child particle 37. In addition to this Cu, Cu system alloy (Cu-Zn, Cu-Zn-Ag), titanium (Ti), 
aluminum (aluminum), silver (Ag), gold (Au), etc. of a nonmagnetic field can be used. 
[0017]Nd-Fe~B used for the mother particle 31 is magnetic powder with a size of about 200 
micrometers. 

Cu used for child particles is a metal powder with a size of about 15 micrometers. 

The rate of the child particles 37 was carried out mixing 38 at a rate of 3% by weight % to the 

mother particle 31. 

[0018]Thus t it is mixable in the state of a capsule so that the child particles 37 may wrap the 
mother particle 31 in setting the diameter of the child particles 37 as 1/20 from 1/10 to the 
diameter of the mother particle 31. Using an adhesion operation of plating, weld slag, vacuum 
evaporation, collision adhesion, etc., this capsule state wraps the circumference of the mother 
particle 31 in the child particles 37 as shown in drawing 2 . These aim at carrying out the coat of 
the surface to a shaped object, or intercepting a shaped object from open air atmosphere etc. 
This capsule state can be generated with the attraction of high BURIZESHON and the 
electrification potential by the mother particle 31 and the child particles 37 looked at by 
electrostatic coating. With shot peening using a SHOKU wave or a fluid medium, etc., the mother 
particle 31 and the child particles 37 can be made to be able to collide, striking energy can be 
changed, and this can be generated with contacting parts. Using an electron discharge method, 
electrical energy can be given between the mother particle 31 and the child particles 37, and it 
can patch with Joule heat, and can obtain in total. 

[0019]By the energization solidifying method, the grain boundary side is changed into an activity 
state by energization, carry out the powder of the above-mentioned capsule state solidification 
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39, and let this be the product 40. The conditions of this energization solidifying method are set 

as the temperature of 550 **. pressure 5 t/cm 2 , and current density 1 kA/cm 2 t and atmosphere 
is set as the conditions in the atmosphere. 

[0020]Next f the operation in the above-mentioned example is described. 

[0021]The magnetic properties of the metal magnet 40 manufactured as mentioned above are 
shown in Table 1. 
[0022] 
[Table 1] 



Br [G] 


L He [Oe J 


BHma x [MGOe] 


7 6 0 3 


8 7 58 


11.05 



[0023]The magnetic properties of the plastic magnet which uses a plastic as a binder are shown 
in Table 2 as comparison. 
[0024] 
[Table 2] 



B r [G] 


i He [Oe] 


BHmax [MGOe] 


6 6 50 


8 15 0 


8.30 



[0025]The magnetic properties of the Nd-Fe _ B magnetic powder used for the manufacturing 
method of the metal magnet concerning this invention are shown in Table 3. 
[0026] 
[Table 3] 



B r [G] 


i He [Oe ] 


BHmax [MGOe ] 


80 7 0 


9080 


11.94 



[0027]That is f the metal magnet applied to this invention from Table 1 thru/or 3 to the 
conventional plastic magnet showing 70% of magnetic properties of magnetic powder shows 93% 
of magnetic properties of magnetic powder, and it turns out that the magnetic properties of 
magnetic powder can fully be pulled out. 

[0028]Table 4 shows comparison of the compressive strength test of the metal magnet 
concerning this invention, the conventional plastic magnet, and the conventional metal magnet 
(Zn-aluminum-Cu system alloy). 
[0029] 
[Table 4] 









1500 [kg/cm 2 ] 


500 [ kg/cm 2 ] 


600 [k g /c m 2 ] 



[0030]From the comparison result of Table 4, it was checked in the conventional metal magnet 
that the compressive strength is governed by Zn rich phase in a magnetic particle side. In the 
metal magnet concerning this invention, since the melting point of the child particles 37 was 
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higher enough than solidification temperature, it was checked that separation of a phase is not 
seen. Therefore, it is considered that compressive strength higher than the conventional metal 
magnet can be obtained. However, when [ near the closest packing ] it solidifies by the metal 
child particles 37 of vol 40%, also in the metal magnet concerning this invention, the melt phase 
of a particle element is seen in part, and compressive strength falls. 

[0031]Doing the electrical resistance test about the metal magnet concerning this invention, the 
result was 1.42x10 " 6 [omegacm]. 

[0032]And the thermal expansion test was done about the metal magnet concerning this 
invention, and the result was 4.3x10 ~ 6 [I/**]. 

[0033]Next, the Vickers hardness test was done about the metal magnet concerning this 
invention, and the result was 660-750 [Hv]. 

[0034] Drawing 3 is a graph which shows magnetic properties when a Nd-Fe-B magnetic material 
is used as a mother particle, it uses Cu as child particles and the rate of child particles over a 
mother particle is set up from 1% to 40% by weight %, and the result of compressive strength. 
[0035]Magnetic properties were comparatively stable, and when the percentage of Cu was about 
15% in weight %, as for compressive strength, the peak was seen as illustrated. 
[0036] Drawing 4 is a graph which shows magnetic properties when a solidification pressure is set 

up from 1 [t/cm 2 ] to 7 [t/cm 2 ], and the result of compressive strength on solidification 
conditions. 

[0037] Magnetic properties increased along with the rise of a solidification pressure, and 

compressive strength was stabilized from the solidification pressure 3 [t/cm 2 ] grade as 
illustrated. 

[0038]And drawing 5 is a graph which shows magnetic properties when solidification temperature 
is set up from 550 [**] to 800 [**], and the result of compressive strength on solidification 
conditions. 

[0039] Magnetic properties are excellent in 600 [**] to 750 [**] in solidification temperature, and 
compressive strength increased gradually along with the rise of solidification temperature as 
illustrated. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory view showing one example of the manufacturing method of the 
metal magnet concerning this invention. 

[Drawing 2] It is a schematic diagram showing the capsule state of the mother particle and child 
particles in one example of the manufacturing method of the metal magnet concerning this 
invention. 

[Drawing 3] The graph which shows magnetic properties when a Nd-Fe-B magnetic material is 
used as a mother particle, Cu is used as child particles and the rate of child particles over a 
mother particle is set up from 1% to 40% by weight %, and the result of compressive strength. 
[Drawing 4] The graph which shows magnetic properties when a solidification pressure is set up 

from 1 [t/cm 2 ] to 7 [t/cm 2 ], and the result of compressive strength on solidification conditions. 
[Drawing 5] The graph which shows magnetic properties when solidification temperature is set up 
from 550 [**] to 800 [**], and the result of compressive strength on solidification conditions. 
[Drawing 6] It is an explanatory view showing an example of the manufacturing method of the 
conventional plastic magnet. 

[Drawing 7] It is an explanatory view showing an example of the manufacturing method of the 

conventional metal magnet. 

[Description of Notations] 

31 Mother particle 

37 Child particles 

39 Energization solidification 



[Translation done.] 
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* NOTICES * 
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[Drawing 3] 
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[Drawing 7] 
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